Frequency-dependent reflection of spin waves 
from a magnetic inhomogeneity induced by a surface DC-current 



T. Neumann^ A. A. Serga, and B. Hillebrands 

Fachbereich Physik and Forschungszentrum OPTIMAS 
Technische Universitdt Kaiserslautern, 67663 Kaiserslautern, Germany 

M. P. Kostyle\0 

School of Physics 
University of Western Australia, Crawley, 
Western Australia 6009, Australia 
(Dated: November 21, 2008) 

The reflectivity of a highly localized magnetic inhomogeneity is experimentally studied. The 
inhomogeneity is created by a dc-current carrying wire placed on the surface of a ferrite film. The 
reflection of propagating dipole-dominated spin-wave pulses is found to be strongly dependent on 
the spin-wave frequency if the current locally increases the magnetic field. In the opposite case the 
frequency dependence is negligible. 
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The interaction of spin-wave packets propagating in 
a ferromagnetic film with localized artificial inhomo- 
geneities is of interest for numerous applications. For 
example, the tunneling Jl| , the guidance 0] , the filter- 
ing through band gaps [3[, and shaping [4( of spin- wave 
pulses has been realized in this way. 

There arc different possibilities to create inhomo- 
geneities, such as by mechanical structuring of the mag- 
netic material 0, [jl, 0] or by variation of the satura- 
tion magnetization by ion irradiation 7]. However, these 
modifications of the magnetic properties are irreversible 
and do not allow any adjustment or real-time control. 

A more promising approach is to change the magnetic 
inhomogeneity dynamically as can be done e.g. with para- 
metric pumping by fast variation of the bias magnetic 
field 0, Q. In this process the increase of the process- 
ing transversal magnetization component leads to a de- 
crease of the static saturation magnetization. However, 
one should keep in mind the high complexity of the pro- 
cess and the relatively long time scale in the microsecond 
range to reach a quasi-equilibrium regime [tj [l(| • 

Instead, many recent experiments [ill, IH, have re- 
lied on the technique to locally modify the bias magnetic 
field by the Oersted field of a current-carrying wire placed 
on the film surface. With this setup, XOR and NAND 
gates, milestones in the development of spin- wave logic, 
have been realized 11411 a nd resonant spin-wave tunneling 
has been discovered [l5|. Moreover, periodic structures, 
so called magnonic crystals, of such design [n| have the 
advantage of being controllable on a time scale shorter 
than the spin-wave relaxation time. 

In the current work, we directly measure the reflected 



and transmitted intensity of spin-wave pulses propagat- 
ing in a thin yttrium-iron-garnet (YIG) film through a 
current induced magnetic inhomogeneity for a wide range 
of spin- wave carrier frequencies and applied dc-currents. 
The results provide evidence for the potential of this 
structure as an effective frequency filter and adjustable 
energy divider. 

All experiments were performed in the pulse regime. 
This approach was chosen to check the applicability of 
the method for microwave signal processing used in mod- 
ern digital technique and exclude any influence of heating 
effects caused by the dc-current applied to the wire. 

Figure QJa) shows a sketch of the experimental setup. 
A triggered microwave switch transforms the cw-signal 
of a microwave generator with a carrier frequency / be- 
tween 7.010 GHz and 7.115 GHz into 280 ns long pulses 
with a 1 ms repetition rate. These pulses are sent to a 
50 /jm wide strip-line transducer placed on the surface 
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FIG. 1: (Color online) (a) Sketch of the experimental mi- 
crowave setup and of the section layout, (b) Schematic rep- 
resentation of the dc-current influence on the dispersion rela- 
tion. 
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of a 5 /jm thick, longitudinally magnetized single crystal 
YIG-stripe of 15 mm width. 

The microwave signal excites packets of backward vol- 
ume magnetostatic waves (BVMSW) whose wave vector 
is aligned in the direction of the applied bias magnetic 
field H = 1800 Oe with a typical value between 10 cm -1 
and 200 cm -1 . The spin waves propagate through the 
film and are picked up by a second, identical antenna 
situated at a distance of 8 mm. By amplifying and de- 
tecting the obtained microwave signal we can observe the 
transmitted pulse in real time. 

While the spin-wave pulse is propagating in the film 
a 180 ns long and between —2 A and +2 A strong dc- 
current pulse with a rise time of less than 20 ns is ap- 
plied to a 50 /jm thick wire placed on the film surface 
halfway between the antennae (Fig. [2(a)). It creates a 
highly localized magnetic inhomogeneity across the YIG- 
waveguide of up to ±200 Oe and width comparable to the 
spin- wave wavelength. The length of the dc-current pulse 
is chosen in order to, on the one hand, avoid heating the 
sample and, on the other hand, reach a stationary state 
of the spin-wave propagation. For such a structure, two 
principally different operation regimes exist (Fig. QJb)). 
If the dc-current locally decreases the bias magnetic field 
we operate in the tunneling regime [l|. We will refer to 
the opposite case as diffraction regime. 

Spin waves reflected from the inhomogeneity are picked 
up by the input antenna. A Y-circulator in the input 
channel allows to detect and observe this signal on the 
oscilloscope simultaneously to the transmitted one. 

In Fig. [UJa) the transmission and reflection character- 
istics for exemplary currents —0.5 A and —1.0 A repre- 
sentative for the tunneling regime as well as +0.5 A and 
+1.0 A for the diffraction regime are shown together with 
the characteristics obtained when no current is applied. 

If no current is applied the measured intensities are de- 
termined by the excitation and detection characteristics 
of the used microstrip antennae and the spin- wave spec- 
trum. Because of the finite size of the antennae, the exci- 
tation and detection is limited to spin waves with a long 
enough wavelength. This explains the vanishing intensity 
for frequencies below 7.02 GHz. At the same time, the 
frequency of ferromagnetic resonance /fmr ~ 7.10 GHz 
constitutes an upper frequency limit for the BVMSW in 
the dipole approximation. Hence, the intensity of the 
detected signal quickly drops above it. Note, that in the 
absence of a current, only a relatively small part of the 
spin wave is reflected by the metal wire placed on the 
sample surface [l7j . so that most of the spin- wave signal 
is observed in transmission. The dips observable in the 
reflected and transmitted signal are caused by resonances 
between the input antenna and the central wire. 

When a dc-current is applied, the ratio between reflec- 
tion and transmission changes significantly depending on 
the direction and magnitude of the applied dc-current. 
In the tunneling regime, i.e. when the bias magnetic 
field is locally decreased by the current, the reflected sig- 
nal monotonically increases over the whole investigated 
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FIG. 2: (Color online) (a) Reflection and transmission charac- 
teristics in the tunneling and diffraction regime. The vertical 
dashed line indicates / = 7.09 GHz. (b) Current dependent 
reflection and transmission for / = 7.09 GHz. 



frequency range with increasing current modulus. In 
the diffraction regime the behavior is non-monotonous. 
When the current is increased two reflection resonances 
are clearly observed. They are most pronounced for 
/ = 7.09 GHz, which is slightly below /fmr (see Fig. [5]). 

For 0.5 A the reflected signal intensity increases drasti- 
cally compared to the case without current. The reflected 
signal rises within 30 ns after the application of the dc- 
pulse by a factor of 10. The intensity then stays constant 
for the remainder of the microwave signal pulse. 

Further increase of the current leads to a decrease of 
the reflected signal intensity. At a current of 1.0 A the 
reflected signal is effectively suppressed and the trans- 
mitted pulse shape is almost undisturbed. This behavior 
is repeated when the current is further increased. The 
reflected spin-wave intensity rises till it reaches a second 
maximum at 1.8 A and then drops again. Fig. [2Kb) dis- 
plays the current dependence of the reflected and trans- 
mitted signal intensity for / = 7.09 GHz. 

By adding the reflected and transmitted signal inten- 
sities, it can be verified that their sum stays constant. 

To explain the two different regimes, consider Fig.QJb) 
again. In the tunneling regime, for large enough cur- 
rent modulus a barrier is formed which reflects the sig- 
nal. A larger absolute current leads to an increase of 
the zone where the spin-wave propagation is prohibited 
and through which, consequently, the spin waves can- 
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FIG. 3: (Color online) Frequency-dependent reflectivity. 



not propagate and need to tunnel In the diffraction 
regime, constructive interference of spin waves reflected 
from the region of inhomogeneous magnetic field occurs. 
The observed data on spin- wave reflection sup ports very 
well the theoretical prediction reported in [11| by the au- 
thors. 

We determine the frequency-dependent reflectivity R 
of the investigated structure via 



R = 



^refl 



'refl 



where I [c r and I Ie Q denote the reflected respectively 
transmitted intensity (Fig. [3]). In the tunneling regime, 
for large enough currents the reflectivity is constant over 
the whole range of accessible frequencies. The picture 
is completely different in the diffraction regime. Here, 
the reflectivity is clearly frequency-dependent. For low 
frequencies between 7.01 GHz and 7.04 GHz it is con- 
stant and restricted to R < 0.2. For higher frequencies 
which are closer to /fmr> & strong dc-current dependence 
is observed. In particular, we note that the reflectivity 



for / = 7.09 GHz and / = -0.5 A is only 0.78 while it 
reaches almost 1 for the opposite dc-current polarity. 

In conclusion, we have investigated the reflection 
of dipole-dominated spin waves propagating through a 
highly localized dc-current induced magnetic inhomo- 
geneity. The reflection on the inhomogeneity created by 
a surface dc-current proves to be dependent on the fre- 
quency of the propagating spin wave as well as on the 
magnitude and polarity of the dc-current. While the lat- 
ter two dependencies are monotonous for a current de- 
creasing the local magnetic field (tunneling regime) they 
exhibit a resonant structure in the opposite case (diffrac- 
tion regime) which is well pronounced only in a small fre- 
quency range below /fmr- For a given current of 0.5 A 
the ratio of transmitted signals in tunneling and diffrac- 
tion operation regime is more than 25. 

These results have to be considered for the future de- 
sign of current controlled spin- wave devices, e.g. spin- 
wave logic gates and dynamic magnonic crystals. While 
the diffraction regime has the advantage of a high re- 
flectivity for relatively low and easily reachable currents 
(which allow for long current pulses without disturb- 
ing heating effects), the tunneling regime allows the de- 
sign of frequency-independent structure. This may be 
especially interesting for ultra-short pulses with a wide 
Fourier spectrum. In addition, the frequency-dependent 
reflection in the diffraction regime can be used to create 
tunable frequency selective devices. By using multiple 
wires instead of just a single one, the characteristics of 
the structure can be further improved. 
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